A rapid expansion of the continental subspecies of the Great Cormorant (Phalacrocorax carbo sinensis) has been recorded in Europe since the 1980s. Evaluation of genetic variability of the Great Cormorant using molecular markers is necessary for investigation of the mechanisms of formation of the newly established breeding populations in the eastern Baltic region (in the Kaliningrad region of Russia and in Lithuania). The samples for molecular investigation were collected in the largest breeding colonies of Great Cormorants located on the coast of the Curonian Lagoon of the Baltic Sea and in their smaller, later formed breeding colonies located in the continental part of Lithuania. After sequencing and alignment of partial fragments of mtDNA control region, 21 different haplotypes, including 8 new haplotypes never identified before, and 13 haplotypes described earlier were found. They were distributed with different frequency in different sampling sites. The haplotype network constructed using 342 bp D-loop sequences identified during the current study and all available sequences of Great Cormorants deposited in GenBank by previous investigators revealed haplotypes attributed to subspecies P. c. sinensis being distinguished from haplotypes of subspecies P. c. carbo in the separate part of haplotype network. The newly described haplotypes did not form a phylogenetically uniform group indicating possible colonization of the Kaliningrad region and the continental part of Lithuania by individuals descending from the largest breeding colonies spread at the coast zone of the Baltic Sea. A high level of genetic population diversity in different breeding colonies recorded in the Kaliningrad region and in eastern Lithuania confirms the formation of a highly variable and well-adapted population of the Great Cormorant participating in the process of colonization of new breeding areas in the Baltic region. (Winney et al., 2001 ). The Atlantic subspecies is estimated at about 42,500 breeding pairs, while the continental subspecies -at about 371,000 pairs. The Baltic Sea region is the key breeding area of the continental subspecies of the Great Cormorant with the total estimated population of about 167,700 pairs. The Kaliningrad region holds more than 9,500 pairs, while Lithuania -about 6,000 pairs. A marked increase of the breeding population was recorded in the Baltic region during the last decades (Bregnballe et al., 2014).
Keywords
The first reports of Great Cormorants breeding in the Kaliningrad region are from 1985, when 30 nests were found in a colony on the southeastern coast of the Curonian Lagoon, at the estuary of the Deyma River. The numbers of nesting birds in this colony increased to 700 breeding pairs in 1993 (Grishanov, Romanov, 2007) and reached 8,500 pairs in 2005. In 2012, there were 9,535 breeding pairs of Great Cormorants in two colonies located on the southern coast of the Curonian Lagoon (Grishanov et al., 2014) . 9,075 nests (representing 95% of the total number of nests in the region) were counted in the largest breeding colony and 460 nests in a smaller colony in 2012. At present, the total population of the Great Cormorant in the Kaliningrad region is estimated at about 10,000 breeding pairs and up to 3,000 non-breeding individuals.
In Lithuania, the first breeding pair of the Great Cormorant was recorded in 1985. The aim of this study was to define the genetic population structure of the newly established breeding colonies of the Great Cormorant in the eastern Baltic region and, using mtDNA methods, to determine possible phylogenetic relationships between different colonies.
MATERIALS AND METHODS

Sample collection
Twenty-eight specimens (muscle and liver tissues) were collected for genetic analysis from individuals of the known origin (young birds found dead in the colonies) in three breeding colonies located in the continental and coastal parts of Lithuania and on the southeastern coast of the Curonian Lagoon in the Deyma River estuary in the Kaliningrad region of Russia ( Fig. 1 ). Ten specimens were collected from individuals of unknown origin (feeding birds hunted in two large fishpond complexes in Lithuania). All tissue samples were collected in 2013.
DNA extraction, amplification, and sequencing Collected tissue samples were stored in ethanol in the fridge (at -20 °С). DNA was prepared from tissue using salt-extraction method after digestion by Protenase K, isopropanol extraction and subsequent precipitation following Aljanabi and Martinez (1997) and amplified by polymerase chain reaction (PCR) with forward Pcarb-F 5'-TGTTCTCAACTACGG-GAACTCA-3' and reverse Pcarb-R 5'-GT-GAGGTGGACGATCAATAAA-3' primers specific to the control region (D-Loop).
A 434-bp DNA fragments of control region were amplified in the 25 μl PCR volume for each specimen consisting of 1 × PCR buffer (with 50 mM KCl), 0.2 mM dNTP, 0.2 μM of each primer, 2.5 mM MgCl 2 , 0.75 U Taq DNA polymerase LC (MBI Fermentas), and 0.04-0.06 μg template DNA.
Amplification started with an initial denaturation step for 5 min at 95 °С, followed by 30 cycles of denaturation for 45 s at 95 °C, annealing for 45 s at 59 °C, elongation for 1 min at 72 °C, and ended with a final elongation step for 10 min at 72 °C. Purified PCR products and the same primers Pcarb-F and Pcarb-R were used for DNA sequencing at the Laboratory of Molecular Ecology of the Nature Research Centre using Big-Dye ® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) and 3500 Genetic Analyzer (Applied Biosystems, USA).
Newly obtained 37 mtDNA sequences of the control region were used for identification of different haplotypes characteristic of individuals collected in different sites during this study. Additional 49 sequences of control region deposited in the GenBank by the previous researchers Winney et al. (1998 Winney et al. ( , 2001 ), GENBANK accession numbers: AF101172-AF101193); Marion, Le Gentil (2006), GENBANK accession numbers: AF101172-AF101193, AY684305-AY684327 and AY676597-AY676601) were included into our analysis of phylogenetic relationships of different haplotypes. All sequences were aligned using ClustalW algorithm (Thompson et al. 1994 ) implemented in MEGA6 (Tamura et al., 2013) program. Maximum likelihood (ML) tree of haplotypes of Great cormorants based on 342 bp fragments of control region was constructed using MEGA6 (Tamura et al., 2013) .
The Median-joining haplotype network based on the same D-loop sequences of Great Cormorants was constructed using Phylogenetic Network Analysis Software (Network NETWORK version 4.6.1.4 available at www. fluxus-engineering.com). 
RESULTS
DNA sequencing enabled identification of up to 342 bp of the mtDNA control region. 21 different haplotypes were detected in samples of 37 Great Cormorants collected during this study, based on the alignment of partial fragments of the mtDNA control region. Among them, there were 8 new haplotypes never identified in earlier studies. The whole complex of newly-identified and earlier described haplotypes representing genetic diversity characteristic of the Great Cormorant is based on variations in 35 variable sites detectable in the indicated fragment of the mtDNA control region. It was used for further reconstruction of intra-specific phylogenetic relationships of Great Cormorant.
The maximum likelihood (ML) tree inferred from D-loop fragments deposited in GenBank and homologous sequences obtained during this study revealed relationships between the newly identified and earlier described haplotypes characteristic of subspecies Phalacrocorax carbo sinensis and Phalacrocorax c. carbo (Fig. 2) . Haplotypes characteristic of subspecies P.c. carbo (9, 14, (16) (17) (18) (19) 26 , 36-37, 39-42) were indicated in the phylogenetic tree separately from other 43 haplotypes forming the cluster of more closely related branches, including sequences characteristic of subspecies P.c. sinensis (Fig. 2) .
The established positions of unique haplotypes on the top of different branches of the haplotype network and their identification in each studied colony indicate a rapid evolutionary process characteristic of individuals participating in the process of colonization of new territories located at boundaries of the distribution range (Fig. 3) .
The neighbour joining tree indicating genetic differences between colonies and samples of Great Cormorants collected in different sites was constructed using K xy distances. The genetic population structure of individuals sampled in their breeding colonies (located on the coast of the Curonian Lagoon in the Kaliningrad region and in eastern Lithuania) was rather similar but different from that of birds of unknown origin sampled in their feeding sites located in large fishponds of Lithuania in autumn (Fig. 4) . It is likely that individuals sampled in fishponds were migrants from Northern Europe.
The comparison of the results of this study with those given by Winney et al. (1998 Winney et al. ( , 2001 ; GenBank accession numbers: AF101172-AF101193) has revealed that 5 haplotypes of Great Cormorants were found only among birds sampled in Lithuania, 2 -only among birds sampled in the Kaliningrad region and Kapliai fishponds, respectively, while 13 haplotypes were also characteristic of birds nesting in Continental Europe (Fig. 3) . Four identical haplotypes were found among birds sampled in the breeding colonies located on the coast of the Curonian Lagoon in the Kaliningrad region and in eastern Lithuania. The newly-established breeding colonies in the Baltic countries and the Kaliningrad region of Russia were probably formed by individuals A rather similar genetic structure of the population defined for Great Cormorants breeding in the largest colony located on the coast of the Curonian Lagoon and in the newly-established small colonies in eastern Lithuania (located about 400 km eastwards) indicate that new breeding colonies were formed mostly by individuals from the expanding colonies earlier established in the eastern Baltic region, but not exclusively by birds breeding in coastal sites.
A relatively high genetic diversity of the population detected among studied individuals from the breeding colonies of Great Cormorants in Lithuania and the Kaliningrad region could be explained by immigration of birds of different origin. The diversity of the genetic structure of the population of new breeding colonies of Great Cormorants is similar to that of the expanding population of the Tufted Duck (Aythya fuligula) and of the recovering population of the White-tailed Eagle (Haliaeetus albicilla) described recently in the eastern Baltic region (Tubelyte et al., 2011; Treinys et al., 2016).
The differences of haplotype diversity detected in the studied colonies indicate that the expansion of the breeding range of the Great Cormorant and the formation of new colonies in the eastern Baltic region occurred simultaneously from different areas presumably located on the coast of the Baltic Sea contributing to the fitness and increased adaptation of the newly established breeding colonies.
The current study did not reveal any evidence of some level of introgression/hybridization between different subspecies of the Great Cormorant in the Baltic Sea region despite rapid expantion of the P.c. sinensis population and broken down geographical isolating mechanisms (Goostrey et al., 1998) . The success of range expansion of the population of the Great Cormorant depends on high genetic variability that correlates positively with population fitness and can increase possibilities of adaptations of the species in new environment (Reed, Frankham, 2003; Butkauskas et al., 2012) .
